The amount of indole-3-acetic acid (IAA) was measured in peach fruits by gas chromatography-mass spectrometry-selective ion monitoring using an isotope dilution assay with I"CC6IIAA as an internal standard throughout the growing season. Ethylene evolution of the fruit was also measured. IAA levels were 25 nanograms per gram fresh weight, 18 enous IAA concentration and observed ethylene evolution were correlated, given that auxin can promote ethylene evolution (14).
A double-sigmoid curve is characteristic ofthe growth of many drupes and some berries. This phasic pattern of mesocarp growth is customarily divided into 3 stages: FWI,3 FWII, and FWIII (2, 5) . Only a few attempts have been made, however, to determine if plant growth hormone levels change during these growth periods in peach. In strawberry, the role of seeds in fruit development was determined by Nitsch (10) who provided evidence that seeds stimulate fruit growth by providing auxins.
From early auxin bioassay studies, it appeared that there were no well defined relationships between seed auxin and growth of the pericarp/mesocarp (11, 13) . Existing data on endogenous growth regulators of fruit flesh are limited and do not correlate with the double sigmoidal growth pattern. To our knowledge, no prior studies have measured auxin levels in the fleshy tissue of peach. However, seed auxin levels were shown to range from less than 1 usg g-' to 15 ,g g-' seed dry weight (11, 13) . Jackson (6) measured high gibberellin-like activity in the pericarp and mesocarp during FWI and again in FWIII. Looney et al. (9) and Jerie and Chalmers (7) observed higher levels of ethylene production during FWI and after fruits had entered FWIII. In light of Nitsch's classic study and the role auxins play in cell enlargement, we determined the endogenous levels of IAA in peach fruits, in order to see if the level of this phytohormone changed during development. We also determined if the endog- enous IAA concentration and observed ethylene evolution were correlated, given that auxin can promote ethylene evolution (14) . (4) . Thus, the '3C6-IAA served as both an internal standard and as a carrier in order to increase sample recovery. The tissues were homogenized for 2 min and allowed to equilibrate overnight at 4°C. The crude extract was filtered, and the residue washed with 70% acetone. Acetone extracts were combined and concentrated to the aqueous phase in vacuo at 45°C. The aqueous phase was chilled to 4°C, adjusted to pH 7.0, and partitioned with 'anesthesia grade' diethyl ether (3x) (3, 4 Mass Spectal Analysis. Four peach fruits were extracted and samples purified for free IAA as described above without the addition of the stable isotope. The isolated, putative IAA was analyzed as the methyl ester using GC-MS. Scanning was done from m/z 50 to 250 at a scan speed of 380 atomic mass units/s and a peak detection threshold of 3 linear counts. All other conditions were as described for GC-SIM-MS analysis.
MATERIALS AND METHODS

Plant
Ethylene Measurement. Fruits were incubated in 50-ml syringes for 5 h at 20C. Once fruits became too large for the syringes, 500-ml glass jars were used. Fruits were then incubated for 16 to 24 h at 20C. The maximum, allowable incubation time per fruit was determined by calculating rate of 02 depletion (9) . Ethylene evolution was linear during the time period studied (data not shown). A 2 ml gas sample was withdrawn from the headspace and the concentration of ethylene measured by a Hewlett-Packard 5840 gas chromatograph equipped with an activated alumina column and a flame ionization detector. These data were obtained to confirm that this cultivar displayed similar trends in ethylene production and evolved comparable amounts as reported earlier for other cultivars (7, 9) .
RESULTS
The identity of the measured SIM peak at m/z 130 and 189 was confirmed by full scan mass spectrometry Figure 1 . These data confirm the presence of IAA as a native auxin in the sample obtained from peach mesocarp tissues.
The sample size and analytical data for IAA determinations are presented in (1) (Figs. 2, 3) . These data would suggest that the peak of IAA observed when the entire fruit with seed was analyzed during the FWII and FWIII transition resulted from the high levels of IAA in the seed. Thus, the endogenous levels of IAA in the mesocarp tissue are low during the latter part of FWII.
Beginning 18 d after anthesis, the level of ethylene evolved by peach fruits was high and variable, with a mean value of 0.33 nl g-' h-' (Fig. 3) . This rate declined until approximately 1 week after the beginning of FWII. Ethylene levels dropped to 0.01 to 0.03 nl g-' h-' where they remained until FWIII. As ripening was initiated during FWIII, a 10-fold rise in ethylene was observed that is typical of attached fruits in the early stages of the climacteric.
DISCUSSION
The results from this study show major changes in the level of free IAA and confirms earlier reports (7, 9) of changes in the rate of ethylene evolution occurring during peach fruit development. Table III summarizes the observed hormonal changes with the known anatomical changes in seeds and flesh of peach fruit as reported earlier (8) .
Early investigations on the seasonal trends in levels of auxin activity in peach fruits concentrated on changes of growth substances in the seeds. Stahly and Thompson (13) and Powell and Pratt (1 1), using the wheat coleoptile straight growth bioassay, detected two peaks of auxin 'bioactivity' in developing ovules. The first peak occurred at the end of the free-nuclear stage of the endosperm while the second peak occurred at the completion of embryo development (cotyledonary stage of development) d 63 to 67 (Table III) . Our measurement of IAA levels in ovules on d 63 confirms and extends these earlier observations.
Previously, little emphasis has been placed on determining IAA concentrations in pericarp/mesocarp tissues offruits. Powell and Pratt ( 11) were able to isolate only trace amounts of growth substances in peach pericarp/mesocarp tissues. However, they selected their samples from fruits when ovules displayed the greatest promoting activity. Their assumption was that growth substances would also be at their highest in the mesocarp at this time ifthese substances moved from the ovule to the peach flesh. Our data show that contrary to their assumption, the IAA level in the mesocarp at that time was near its lowest level (Fig. 2) . Detection of such low levels may have been difficult with their early isolation and bioassay techniques.
During the first stage of peach fruit development (FWI) the pericarp is undergoing cell division and growing rapidly. The IAA concentration in the fruit is relatively high (Fig. 2) . IAA concentrations reach their lowest levels during the lag phase (FWII) in peach fruit growth. The IAA concentration again increased during the final stage of fruit development (FWIII). This stage is characterized by rapid growth of the mesocarp. The Changes in the measured levels of IAA and ethylene followed similar trends (Fig. 2) and their correlations were statistically significant (Table IV) . It has been shown that IAA can promote ethylene evolution in many tissues by increasing its precursor, 1-aminocyclopropane-1-carboxylic acid ( 14) . Future studies in our laboratory will focus on the relationship of endogenous IAA to the enzymes and precursors involved in ethylene biosynthesis.
